It is well recognized that spontaneous agglutination may occur in broth cultures of Bact. typhosum and Bact. paratyphosum A and B. Because of this phenomenon, the results of agglutination tests with specific sera are not reliable under such conditions, since it is practically impossible to distingush between spontaneous and specific agglutination.
0. ISHII produced different kinds, of colonies when grown on agar plates, some being opaque and others transparent; in addition there were also differences in their contours, some having irregular outlines while others were round with smooth edges. Furthermore some colonies were small and others large.
APPEARANCE OF SPONTANEOUSLY AGGLUTINATED COLONIES ON AGAR PLATES
Plating many stock cultures upon two per cent agar plates we have found two distinct types of colonies. The first of these presents a smooth surface and a regular outline, and is not spontaneously agglutinated. The other type shows a much heavier growth, has a rough surface, is irregularly round, with a serrate border and is much more transparent, both at its center and border, than the first type of colony. That most of the colonies of-this second type undergo spontaneous agglutination, can be noted by means of the low power microscope or hand lens. In some instances, upon sub-culturing, certain strains of those colonies which previously had been transparent became opaque and vice versa; or an organism originally producing small colonies produced large ones. These points of differentiation are not so important as those relating to the outline of the colony and smoothness or roughness of the surface. The available space for growth on the plate as well as the rate of growth, appear to influence these characteristics. (TABLE 1) Steinhardt, Teague and McWilliams found in broth cultures of Bact. typho8um, which underwent spontaneous agglutination, flocculi or pellicle formation as contrasted with a uniform, cloudy growth of other organisms. Smith and Reagh showed that a broth culture of Bact. icteroides became clear after spontaneous agglutination had occurred.
SPONTANEOUS AGGLUTINATION IN BROTH CULTURES
A STUDY OF SPONTANEOUS AGGLUTINATION broth. In many cases the broth was clear macroscopically, but the clumps were visible when a hanging drop was examined. More or less of the precipitate collected in the bottom of the tubes. In some instances flocculi and a pellicle were visible on the surface of the culture, and there was always a precipitation in the bottom, either spontaneous or following agitation of the tube. In other cases, small clumps could be seen with the naked eye scattered throughout the culture. With the typhoid and paratyphoid bacilli there was a uniform cloudy growth and apparently an absence of spontaneous agglutination when A tabulation of our experiments shows the following results: Bact. paratyphosum B showed precipitation with formation of pellicles and small clumps in clear fluid in all cases with the exception of one strain. Bact. coli, 5 strains exhibited this same phenomenon in every case. Bact. paratyphosum A showed 7 positive and 9 negative, Bact. typhosum 4 positive and 12 negative tests. examined with the naked eye, but with a hand lens, flocculi were clearly visible in the supernatant fluid.
We have, therefore, been led to conclude that in broth cultures when flocculi are visible, macroscopic observation may be relied upon; but in cloudy cultures, microscopic examination. should always be employed.
In twenty-four hour cultures at 37°C., of microorganisms which do not undergo spontaneous agglutination, the growth in pepton water, glycerol or glucose broth, whether the reaction of the media be acid, neutral or alkaline, is generally uniformly cloudy. In some cases, however, there is a pellicle and flocculi are seen near the surface of such cultures. From a stock culture we obtained colonies which were, and others which were not, agglutinated spontaneously. These were spread on plates of two per cent agar (using very high dilution of the bacteria in broth or salt solution so that each single colony should be separated from every other colony) and incubated for 24 hours at 37°C. The colonies thus grown were inoculated into broth tubes and placed in the incubator. Subcultures were made every two days by inoculating one loopful of the broth culture into a fresh tube of broth. The bacilli were examined after each sub-culture by streaking a loopful of the freshly inoculated broth on agar plates. The following results on agar plates and in cultures were obtained: (e) Bact. enteritidis changed in from 5 to 24 days. (f) Bact. typhosum showed the longest period, the time varying from 6 to 50 days in some strains, while others did not show changes even after 3 months or more.
From colonies of known type (as determined above) isolated on agar plates, the different members of the colon-typhoid group were inoculated into broth media and allowed to grow at room temperature without sub-culture, plates being made every five or ten days to determine the type of colony. In 33 strains of Bact. typhosum of both types, changes were observed to take place in 30 strains in fifteen to ninety days, while three strains, originally of a spontaneously agglutinating variety, showed no change after one hundred days. Eighteen strains of Bact. paratyphosum A showed changes in from ten to eighty-five days, two strains of an agglutinating type, showed no change until after one hundred days. Nineteen strains of Bact. paratypho8um B. showed changes in from fifteen to one hundred days, while two strains of spontaneously agglutinating type did not change even in one hundred days. All strains of Bact. coti showed a change in from ten to thirty days. Bact. enteritidis was examined after 60 days growth, and all 8 strains showed a change. With the Bact. dysenteriae group two strains showed changes in thirtyfive to forty days, while two strains showed no change after sixty days.
The period at which the change in colony occurs depends upon the strains; some strains always change within a short time and others only after many days. (TABLE 3) In our first work with stock cultures three types were found. These were, pure colonies not showing spontaneous agglutination, pure colonies showing spontaneous agglutination and mixed colonies showing the presence of both types.
ISOLATION OF TYPES OF COLONY FROM STOCK CULTURES
In a study of the colon-typhoid group of bacilli from agar stab cultures which had ordinarily been sub-cultured at intervals of two or three months, there were found many cultures producing colonies of only one kind, namely those which agglutinated spontaneously; other cultures yielded colonies of bacilli all of which failed to agglutinate spontaneously.
In the present work extending over a period of a year, it was found that each pure type after frequent transplantation tended to change into both types; of 29 (TABLE 4) It has been observed, that spontaneous agglutination may occur in all ordinary fluid or solid culture media. Spontaneous agglutination occurs in a greater degree in glycerol broth, pepton water and all acid media, than it does in neutral or alkaline broth and it is more marked in concentrated than in dilute, liquid pepton medium. Cultures in alkaline broth usually remain clear and transparent, the presence of the alkali greatly retarding or completely inhibiting spontaneous agglutination.
When glucose broth was used as a culture medium, spontaneous agglutination of Bact. typhosum was prevented in many instances, but glucose broth cultures of Bact. paratyphosum A and B showed spontaneous agglutination in 24 hour cultures, and this has been even more marked with similar cultures of Bact. coli.
Growth in plain broth, either weakly acid or neutral in reaction, depends upon the type of colony. In some instances there is an excessive growth as well as a spontaneous agglutination. When such a culture was shaken or mixed with broth or salt solution, it disintegrated being thus differentiated from true spontaneous agglutination, in which disintegration occurs only when special methods are employed.
Plain broth or pepton water cultures which became spontaneously agglutinated were at first clear and after twenty-four hours a sediment was forming. If a cloudy growth is encountered in sub-culture, we are sure to find both spontaneous and nonspontaneous agglutination types of organisms present. This can be determined by plating the culture and observing the two types of colonies. If flocculi, pellicles or small clumps are present in a twenty-four hour sub-culture of a non-spontaneouslyagglutinating strain, we can assume that it has changed its characteristics and expect to find both types of growth present.
VARIATION IN GROWING POWER OF THE SPONTANEOUS AND NON-SPONTANEOUS AGGLUTINATION COLONIES FROM ONE STRAIN
Dreyer, using stock cultures for the agglutination test, passed a strain through several sub-cultures on broth medium and then treated a vigorously growing sub-culture with formalin. He reports that agglutination reactions with such cultures are more powerful. Block (1897) claims that if too frequent transplantation of the culture is made there will occur in time spontaneous agglutination. This is possible only if an easily changeable strain containing spontaneous and non-spontaneous agglutination types is used. After isolating the non-agglutinating type of colony two broth cultures were made from a single colony, one of which was daily transplanted into fresh broth. After several days in the agar plate from the sub-cultures many colonies of spontaneously agglutinating types were present, while in the first broth culture which was not transplanted, there were only a few colonies of the spontaneously agglutinating types. Our deduction from these expements is, that the type of organism showing spontaneous agglutination grows more vigorously than the nonspontaneously-agglutinating type taken from the strain in these experiments. On the other hand, if the growth of the non-spontaneously-agglutinating strain is stimulated, one will find that the spontaneously agglutinating type is weakened greatly and, in some cases, entirely disappears. Many spontaneously agglutinating strains of Bact. typhosum when grown in glucose broth fail to show spontaneous agglutination. In others spontaneous agglutination is not inhibited by this means; neither does growth in glucose broth destroy the power of specific agglutination.
NOTES ON AGGLUTINATION TEST
In the agglutination test as applied to members of the colontyphoid group it is necessary to differentiate between organisms giving spontaneous agglutination and organisms which do not agglutinate spontaneously. Organisms of the first group appear to give specific serum agglutination, but in the control bacillary suspension, when mixed with broth, pepton water, salt solution or tap water (the diluents usually employed), they also give spontaneous agglutination.
Even old stock cultures which fail to give spontaneous agglutination at first, will do so, if the culture is inoculated into fresh media or repeatedly sub-cultured on agar, pepton water or broth. Spontaneous agglutination also appears in the suspension of a twenty-four-hour agar culture in water, salt solution, broth, pepton water or diluted serum.
If we examine an easily changeable stock culture, i. e.,a culture containing both types of colonies, and streak such a culture on the agar plate, we will find the two types of colonies described above.
If 
